INTRODUCTION {#s1}
============

Bladder cancer is the ninth most common malignancy all over the world and it is estimated that there are 386,000 new cases are diagnosed worldwide annually \[[@R1]--[@R4]\]. Despite improvements in current clinical treatment such as surgery, radiation therapy, and chemotherapy, the overall survival (OS) time of bladder cancer patients has not been significantly improved \[[@R5]--[@R8]\]. The prognosis of bladder cancer is closely related to the stage of disease, but patients do not have specific symptoms at the early stage of bladder cancer \[[@R9]--[@R12]\]. Therefore, novel markers for diagnosis at early stage and more efficient and safer therapeutic method are urgently needed \[[@R13], [@R14]\].

The long non-coding RNAs (lncRNAs) are important new members of the ncRNA family with greater than 200 nucleotides in length \[[@R15], [@R16]\]. The rapid development of RNA genomics has highlighted the role of long non-coding RNAs (lncRNAs) in many human diseases, especially in cancers \[[@R17], [@R18]\]. Recent evidences have showed that many lncRNAs play important regulatory roles in diverse biological processes of cancers, such as UCA-1, HOTAIR, H19, MALAT1, ZEB1-AS1, PVT-1, PANDAR and etc \[[@R19]--[@R25]\]. HNF1A-AS1 (HNF1A antisense RNA 1) is a novel identified lncRNA with 2455 nucleotides in length and localized at the chromosome 12 \[[@R26]\]. Recently, HNF1A-AS1 originally was identified as a potential biomarker and was involved in the development of multiple cancers \[[@R26]--[@R29]\]. However, the biological function and underlying mechanism of action of HNF1A-AS1 in bladder cancer is completely unknown.

In the present study, we found that HNF1A-AS1 is significantly up-regulated in bladder cancer. We demonstrated that silencing HNF1A-AS1 could significantly inhibit proliferation and induce apoptosis in bladder cancer cells. Emerging evidences have indicated that lncRNAs regulate gene expression at different processing levels, including chromatin modification, transcription and posttranscriptional regulation \[[@R30]--[@R32]\]. In our study, we found HNF1A-AS1 could directly interact with miR-30b-5p and down-regulation of HNF1A-AS1 increased the expression of miR-30b-5p and subsequently inhibited the expression of Bcl-2. Thus, HNF1A-AS1 positively regulated the expression of Bcl-2 through sponging miR-30b-5p, and played an important regulatory role in bladder cancer progression. Cumulatively, these findings demonstrate that HNF1A-AS1 is a key regulator in bladder cancer progression, which highlights its potential clinical utility as a promising prognostic and therapeutic target of bladder cancer.

RESULTS {#s2}
=======

HNF1A-AS1 was up-regulated in bladder cancer {#s2_1}
--------------------------------------------

The relative expression level of HNF1A-AS1 was determined by qRT-PCR in a total of 79 patients with urothelial bladder cancer. The HNF1A-AS1 expression fold change (bladder cancer tissue/matched normal tissue) in each patient was indicated in Figure [1A](#F1){ref-type="fig"}. As shown in Figure [1B, 1C](#F1){ref-type="fig"}, HNF1A-AS1 was up-regulated in bladder cancer tissues compared to corresponding non-tumor tissues. Moreover, up-regulated HNF1A-AS1 expression was positively correlated with advanced TNM stage (Figure [1D](#F1){ref-type="fig"}). HNF1A-AS1 was up-regulated in bladder cancer cell lines compared to corresponding normal urothelial cell line SV-HUC-1 (Figure [1E](#F1){ref-type="fig"}). These results demonstrated that HNF1A-AS1 may play an key role in bladder cancer. Clinicopathological features of patients and statistical results are shown in Table [1](#T1){ref-type="table"} and [Supplementary Table 1](#SD1){ref-type="supplementary-material"}, respectively.

![The relative expression levels of HNF1A-AS1 in bladder cancer\
The relative expression levels of HNF1A-AS1 were detected using qRT-PCR. (**A**) The heights of the columns in the chart represent the log2-transformed fold changes (bladder cancer tissue/normal bladder tissue) in HNF1A-AS1 expression in 79 patients with bladder cancer. (**B** and **C**) HNF1A-AS1 expression levels were higher in bladder cancer tissues than that in corresponding normal tissues. (**D**) HNF1A-AS1 expression was significantly higher in patients with advanced TNM stage. (**E**) HNF1A-AS1 was up-regulated in bladder cancer cell lines compared to normal urothelial cell line. Data are shown as mean ± SD.](oncotarget-08-76656-g001){#F1}

###### Correlation between HNF1A-AS1 expression and clinicopathological features of UCB patients

  Parameters Total         Group      Total      HNF1A-AS1 expression   *P* value   
  ------------------------ ---------- ---------- ---------------------- ----------- -----------
  **High**                 **Low**                                                  
  Gender                   Male       57 (72%)   37 (47%)               20 (25%)    0.915
                           Female     22 (28%)   14 (18%)               8 (10%)     
  Age (years)              \< 60      28 (35%)   17 (22%)               11 (13%)    0.597
                           ≥ 60       51 (65%)   34 (43%)               17 (22%)    
  Tumor size (cm)          \< 3 cm    32 (41%)   17 (22%)               15 (19%)    0.081
                           ≥ 3 cm     47 (59%)   34 (43%)               13 (16%)    
  Multiplicity             Single     43 (55%)   24 (31%)               19 (24%)    0.076
                           Multiple   36 (45%)   27 (34%)               9 (11%)     
  Histological grade       L          35 (44%)   17 (21%)               18 (23%)    0.008\*\*
                           H          44 (56%)   34 (43%)               10 (13%)    
  Tumor stage T            Ta,T1      22 (28%)   9 (11%)                13 (17%)    0.034\*
                           T2-T4      57 (72%)   42 (53%)               15 (19%)    
  Lymph nodes metastasis   NO         74 (94%)   47 (59%)               27 (35%)    0.651
                           YES        5 (6%)     4 (5%)                 1 (1%)      

\**P* \< 0.05 was considered significant (Chi-square test between 2 groups).

Corresponding specific siRNA/pcDNA3.1 down/up-regulated expression level of HNF1A-AS1 {#s2_2}
-------------------------------------------------------------------------------------

Bladder cancer cells were cultured and transfected with HNF1A-AS1 specific siRNA (siRNA1/2 HNF1A-AS1) or HNF1A-AS1 expression vector (pcDNA3.1 HNF1A-AS1). The results showed that the relative expression level of HNF1A-AS1 in bladder cancer cells was significantly down-regulated by the siRNA HNF1A-AS1 (Figure [2A](#F2){ref-type="fig"}) and up-regulated by the pcDNA3.1 HNF1A-AS1 (Figure [2B](#F2){ref-type="fig"}).

![Effects of corresponding siRNA or pcDNA on HNF1A-AS1 expression level\
The relative expression level was determined using qRT-PCR. (**A**) The HNF1A-AS1 specific siRNA significantly down-regulated the expression level of HNF1A-AS1 in 5637 and T24 cells. (**B**) The HNF1A-AS1 specific pcDNA3.1 significantly up-regulated the expression level of HNF1A-AS1 in SW780 and UM-UC-3 cells. Data are indicated as mean ± SD.](oncotarget-08-76656-g002){#F2}

Silencing HNF1A-AS1 inhibited cell proliferation and overexpressing HNF1A-AS1 promoted cell proliferation {#s2_3}
---------------------------------------------------------------------------------------------------------

The cell proliferation changes of bladder cells were determined using CCK-8 assay, Colony formation assay, Flow cytometry and Edu assay. Inhibited cell proliferation was observed in 5637 and T24 cells (Figures [3A, 3C](#F3){ref-type="fig"} and Figure [4A, 4C, 4D](#F4){ref-type="fig"}) by silencing HNF1A-AS1. The promotion of cell proliferation was observed in SW780 and UM-UC-3 cells (Figure [3B, 3D](#F3){ref-type="fig"} and Figure [4B, 4C, 4E](#F4){ref-type="fig"}) by overexpressing HNF1A-AS1. These results demonstrated that HNF1A-AS1 promotes cell proliferation in bladder cancer.

![Effects of down-regulation or up-regulation of HNF1A-AS1 on cell proliferation\
Cell proliferation was determined by CCK-8 assay and colony formation assay. (**A** and **C**) Cell proliferation inhibition was observed in bladder cancer 5637 and T24 cells. (**B** and **D**) Cell proliferation promotion was observed in bladder cancer SW780 and UM-UC-3 cells. Data are shown as mean ± SD.](oncotarget-08-76656-g003){#F3}

![Effects of down-regulation or up-regulation of HNF1A-AS1 on cell proliferation\
Cell proliferation was also determined by Edu assay and flow cytometry. (**A**, **C** and **D**) Cell proliferation inhibition was observed in bladder cancer 5637 and T24 cells. (**B**, **C** and **E**) Cell proliferation promotion was observed in bladder cancer SW780 and UM-UC-3 cells. Data are shown as mean ± SD.](oncotarget-08-76656-g004){#F4}

Silencing HNF1A-AS1 induced cell apoptosis and overexpressing HNF1A-AS1 suppressed cell apoptosis {#s2_4}
-------------------------------------------------------------------------------------------------

The cell apoptosis changes of bladder cells were determined using ELISA assay, Hoechst 33342 staining assay and Flow cytometry. Induced cell apoptosis was observed in 5637 and T24 cells by silencing HNF1A-AS1 (Figure [5A--5CA](#F5){ref-type="fig"}, [5G](#F5){ref-type="fig"}). Suppressed cell apoptosis was observed in SW780 and UM-UC-3 cells (Figure [5D--5FD](#F5){ref-type="fig"}, [5H](#F5){ref-type="fig"}) by overexpressing HNF1A-AS1. These results demonstrated that HNF1A-AS1 suppresses cell apoptosis in bladder cancer.

![Effects of down-regulation or up-regulation of HNF1A-AS1 on cell apoptosis\
Cell apoptosis was determined by ELISA assay, Hoechst 33342 staining assay and Flow cytometry. (**A**, **B**, **C** and **G**) Induced cell apoptosis by silencing HNF1A-AS1 was observed in bladder cancer 5637 and T24 cells. (**D**, **E**, **F**, and **H**) Suppressed cell apoptosis by overexpressing HNF1A-AS1 was observed in bladder cancer SW780 and UM-UC-3 cells. Data are shown as mean ± SD.](oncotarget-08-76656-g005){#F5}

Silencing HNF1A-AS1 increased the expression of miR-101-3p and inhibited the expression of Bcl-2 {#s2_5}
------------------------------------------------------------------------------------------------

To investigate the underlying mechanisms of HNF1A-AS1-mediated biological processes, we performed bio-information analysis, dual-luciferase reporter assay, qRT-PCR and western blotting analysis. First, through searching in online bioinformatics database, bio-information analysis predicted that HNF1A-AS1 had putative binding sites with miR-30b (Figure [6A](#F6){ref-type="fig"}). Detailed prediction results were shown in [Supplementary Table 3](#SD1){ref-type="supplementary-material"}. Dual-luciferase reporter assay showed HNF1A-AS1-WT and Agomir30b co-transfection significantly inhibited luciferase activity, and HNF1A-AS1-MUT and Agomir30b co-transfection failed to change luciferase activity in 5637 and T24 cell lines (Figure [6B](#F6){ref-type="fig"}). Western blotting analysis and qRT-PCR showed down-regulated of HNF1A-AS1 increased the expression of miR-30b-5p and subsequently inhibited the expression of Bcl-2 (Figure [6C](#F6){ref-type="fig"} and [6D](#F6){ref-type="fig"}).

![Effects of HNF1A-AS1 on the expression levels of miR-30b-5p and Bcl-2\
(**A**) Bio-information analysis predicted that HNF1A-AS1 had putative binding sites with miR-30b. (**B**) HNF1A-AS1-WT and Agomir30b co-transfection significantly inhibited luciferase activity, and HNF1A-AS1-MUT and Agomir30b co-transfection failed to change luciferase activity in 5637 and T24 cell lines. (**C**) Down-regulated of HNF1A-AS1 increased the expression of miR-30b-5p and inhibited the expression of Bcl-2 mRNA. (**D**) Down-regulated of HNF1A-AS1 inhibited the protein expression of Bcl-2. Data are shown as mean ± SD.](oncotarget-08-76656-g006){#F6}

Knockdown of miR-30b-5p reversed cell proliferation inhibition and apoptosis induced by silencing HNF1A-AS1 {#s2_6}
-----------------------------------------------------------------------------------------------------------

The cell proliferation changes of bladder cells were determined using Edu assay. The cell apoptosis changes of bladder cells were determined using flow cytometry. Knockdown of miR-30b-5p with antagomir-30b-5p partly reversed cell proliferation inhibition induced by silencing HNF1A-AS1 (Figure [7A, 7B](#F7){ref-type="fig"}). Knockdown of miR-30b-5p with antagomir-30b-5p partly reversed cell apoptosis induced by silencing HNF1A-AS1 (Figure [7C, 7D](#F7){ref-type="fig"}). Through analyzing the western blotting and qRT-PCR results, we found that knowdown of miR-30b-5p could partly reverse the suppression of Bcl-2 which was induced by silencing HNF1A-AS1 (Figure [7E, 7F](#F7){ref-type="fig"}).

![Knockdown of miR-30b-5p reverses cell proliferation inhibition and apoptosis induced by silencing HNF1A-AS1\
(**A** and **B**) Knockdown of miR-30b-5p partly reversed cell proliferation inhibition induced by silencing HNF1A-AS1. (**C** and **D**) Knockdown of miR-30b-5p partly reversed cell apoptosis induced by silencing HNF1A-AS1. (**E** and **F**) Knockdown of miR-30b-5p partly reversed the suppression of Bcl-2 induced by silencing HNF1A-AS1. Data are shown as mean ± SD.](oncotarget-08-76656-g007){#F7}

DISCUSSION {#s3}
==========

Bladder cancer is the most common urologic tumors in China and its incidence and mortality have been significantly increased in the past decade \[[@R33], [@R34]\]. There are no specific symptoms for patents with bladder cancer at the early stage, therefore, some bladder cancers are found at advanced stage when treatments are less effective \[[@R35]\]. Therefore, finding new prognostic and therapeutic target has enormous potential significance to improving the clinical strategies and outcomes of bladder cancer \[[@R36]--[@R38]\].

The lncRNAs are important new members of no-coding RNA family, which are longer than 200 nucleotides \[[@R39]--[@R41]\]. Recently, an increasing number of evidences indicated that lncRNAs play important roles in cancer occurrence and progression \[[@R42]--[@R44]\]. The lncRNA HNF1A-AS1 has been reported to interact with HNF1A and H19 to regulate oesophageal adenocarcinoma occurrence and progression \[[@R26]\]. And HNF1A-AS1 has also been reported to mediate the binding of DNMT1 to E-cadherin in lung adenocarcinoma \[[@R28]\]. We found that HNF1A-AS1 was significantly up-regulated in bladder cancer and silencing HNF1A-AS1 significantly inhibited proliferation and induced apoptosis in bladder cancer cells. Mechanistically, although HNF1A-AS1 had been reported to mediate the binding of DNMT1 to E-cadherin in lung adenocarcinoma, we did not found HNF1A-AS1 interact with DNMT1 and E-cadherin in bladder cancer \[[@R28]\]. Different from other cancers, we found HNF1A-AS1 could directly interact with miR-30b-5p. The down-regulation of HNF1A-AS1 could increase the expression of miR-30b-5p and subsequently inhibit the expression of Bcl-2, in a ceRNA-dependent way. Moreover, we performed reverse experiments and found knockdown of miR-30b-5p reversed cell proliferation inhibition, cell apoptosis and the suppression of Bcl-2 induced by silencing HNF1A-AS1.

Cumulatively, these findings demonstrated that HNF1A-AS1 is a key regulator in bladder cancer progression and may serve as a potential diagnostic and therapeutic target of bladder cancer.

MATERIALS AND METHODS {#s4}
=====================

Patients and clinical samples collection {#s4_1}
----------------------------------------

A total of 79 patients with urothelial carcinoma of bladder who received radical or partial cystectomy were included in this study. After resection fresh bladder cancer tissue and pair-matched normal adjacent bladder tissue obtained from the same patient were snap-frozen in liquid nitrogen immediately. All patients included in this study signed informed consent and this study was approved by the Institutional Review Board of Peking University First Hospital, Beijing, China and Shenzhen Second People\'s Hospital, Shenzhen, China.

Bladder cancer cell lines and cell culture {#s4_2}
------------------------------------------

Bladder cancer 5637, SW780, UMUC3, T24 and SV-HUC-1 cells used in this study were purchased from the Institute of Cell Research, Chinese Academy of Sciences, Shanghai, China. The UMUC3, T24 and SV-HUC-1 cells were cultured in Dulbecco\'s Modified Eagle Medium (Invitrogen, Carlsbad, CA, USA) plus 10% fetal bovine serum. The 5637 cells and SW780 cells were cultured in RPMI-1640 Medium (Invitrogen, Carlsbad, CA, USA) plus 10% fetal bovine serum. Corresponding plates were placed at 37°C with a humidified atmosphere of 5% CO~2~ in incubator.

siRNA and pcDNA transfection {#s4_3}
----------------------------

The siRNA (small interfering RNA) sequences were as follows: siRNA1-HNF1A-AS1 (5′-CACCUG CAUUCAAACUCGGACUGUU-3′), siRNA2-HNF1A-AS1 (5′-GGGUGAGCAGCUGUUUGCAAGACUA-3′). Before transfection, the cells were cultured 24 h. Then, the cells were transiently transfected with corresponding siRNA or pcDNA using Lipofectamine 3000 Transfection Reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer\'s instructions. After 48 h, cells transfected with corresponding siRNA or pcDNA were harvested for quantitative real-time PCR.

RNA extraction and quantitative real-time PCR {#s4_4}
---------------------------------------------

The total RNA of the tissue samples and the transfected cells were extracted using the Trizol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer\'s instructions. The detailed primer sequences included in this study are shown in [Supplementary Table 2](#SD1){ref-type="supplementary-material"}. Quantitative real-time PCR was performed using the ABI PRISM 7000 Fluorescent Quantitative PCR System (Applied Biosystems, Foster City, CA, USA) according to the manufacturer\'s instructions and normalized to *β*-actin or U6 small nuclear RNA. Experiments were repeated at least three times.

Cell counting Kit-8 assay {#s4_5}
-------------------------

Cell proliferation was determined using Cell Counting Kit-8 (Beyotime Inst Biotech, China) according to the manufacturer\'s instructions. Briefly, 5 × 10^3^ cells/well were seeded in a 96-well flat-bottomed plate, and grown at 37°C for 24 h, then transfected with corresponding siRNA or pcDNA. Finally, the absorbance was finally determined at a wavelength of 450 nm using a microplate reader (Bio-Rad, Hercules, CA, USA). Experiments were repeated at least three times.

Colony formation assay {#s4_6}
----------------------

Cell proliferation was determined using colony formation assay. 24 h after transfection, 2 × 10^3^ cells were seeded in a 6-well plate. The cells were incubated for 7d at 37°C, and then the cells were stained with 0.5%crystal violet solutionin 20% methanol. Then the absorbance were determined at a wavelength of 570 nm using an microplate reader (Bio-Rad, Hercules, CA, USA). Experiments were repeated at least three times.

Ethynyl-2-deoxyuridine (EdU) incorporation assay {#s4_7}
------------------------------------------------

Cell proliferation was also determined by Ethynyl-2-deoxyuridine incorporation assay using an EdU Apollo DNA *in vitro* kit (RIBOBIO, Guangzhou, China) following the manufacturer\'s instructions. Briefly, after transfected with corresponding siRNA or pcDNA cells were incubated with 100 *μl* of 50 *μ*M EdU per well for 2 h at 37°C, respectively. Finally, the cells were visualized under a *fluorescence microscopy.* Experiments were repeated at least three times.

Cleaved Caspase-3 ELISA assay {#s4_8}
-----------------------------

Cell apoptosis was determined by ELISA assay. Briefly, 5 × 10^5^ cells/well were seeded in a 6-well plate, and grown at 37°C for 24 h, then transfected with corresponding siRNA or pcDNA, respectively. At 48 h after transfection, Cell cleaved caspase-3 activity was measured using the Caspase-3 Colorimetric Assay kit (Abcam, Cambridge, UK) according to the manufacturer\'s instructions. Experiments were repeated at least three times.

Hoechst 33342 staining assay {#s4_9}
----------------------------

Cell apoptosis was also determined by Hoechst 33258 staining assay. At 48 h after transfection with corresponding siRNA or pcDNA, apoptotic cells were also observed by using the Hoechst 33258 staining kit (Life, Eugene, OR, USA) according to the manufacturer\'s instructions. Experiments were repeated at least three times.

Flow cytometry analysis assay {#s4_10}
-----------------------------

Cell apoptosis and cell cycle were determined by Flow cytometry. Briefly, cells were cultured in normal medium and transfected with corresponding siRNA or pcDNA, respectively. Cells were collected after transfection for 48 h. Cell apoptosis was determined by PE Annexin V apoptosis detection kits (BD Pharmingen, San Diego, CA, USA). Cell cycle analysis was performed adopting propidium iodide cell cycle detected kits (BD Pharmingen). Finally, cell apoptosis and cell cycle were determined using flow cytometry (EPICS, XL-4, Beckman, CA, USA). Experiments were repeated at least three times.

Dual-luciferase reporter assay {#s4_11}
------------------------------

HNF1A-AS1-WT/MUT (GenePharma, Shanghai, China) were constructed and transfected into 5637 and T24 cell lines along with Agomir30b/NC. Luciferase activity was detected using the Dual-Luciferase Reporter Assay System (Promega; 48 h after transfection) according to the manufacturer\'s instructions. Experiments were repeated at least three times.

Western blotting analysis {#s4_12}
-------------------------

Total cell lysates were prepared in a 1× sodium dodecyl sulfate buffer. Total protein was separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred onto nitrocellulose membranes. Then the membrane was blocked with 5% non-fat milk and incubated with primary antibodies at 4°C overnight. After incubation with antibodies specific for Bcl-2/Bcl-XL/β-actin (Abcam, Hong Kong, China), the blots were incubated with goat anti-rabbit secondary antibody (Abcam, Hong Kong, China) and visualized with enhanced chemiluminescence. Experiments were repeated at least three times.

Statistical analyses {#s4_13}
--------------------

All experimental data from three independent experiments were analyzed by Student\'s *t*-test or *χ^2^* test and results were expressed as mean ± standard deviation. *P*-values of less than 0.05 were considered to be statistically significant. All statistical tests were conducted by SPSS version 19.0 software (SPSS Inc. Chicago, IL, USA).
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